In a previous study, we examined hair cortisol concentrations (HCCs) in children when first entering elementary school (at 4 years). In this follow-up study, we examined their HCC when they entered third grade (at 6 years), where the more playful first grades proceed into a more formal learning setting. Participants were 30 6-year-old children (14 boys). Hair samples (!5 cm) were collected 2 months after the summer holidays. Hair analysis was conducted using two 2-cm long segments, reflecting the first 2 months of school attendance in grade 3 (the scalp-near segment), and 2 months prior to the start in grade 3. Between these two sections, we left a gap of 1 cm to avoid overlap of periods (due to differences in hair growth rate). Children showed a significant increase in cortisol levels when they entered third grade. This increase was not associated with social fearfulness or academic achievement, but did show significant associations with inhibitory control: children with less inhibitory control had higher cortisol levels after entering third grade, and larger increases in cortisol than children with higher scores on inhibitory control. This suggests that the ability to inhibit or control impulsive responsivity is important for children's stress regulation when making the transition to a more formal school environment.
Introduction
In a previous study, we showed that starting elementary school is accompanied by increased stress hormone levels in 4-year-old children, by analyzing their hair cortisol concentrations (HCCs; Groeneveld et al., 2013) . Cortisol is a well-known stress hormone which in humans is the final product of activation of the hypothalamic-pituitary-adrenal axis. In the past, cortisol levels have mainly been determined in urine, blood or saliva. To assess cortisol levels over a prolonged period of time, repeated sampling is needed at different daily time points over several days. Currently, cortisol can also be determined in human scalp hair to determine long-term cortisol levels (Bates, Salsberry, & Ford, 2017; Russell, Koren, Rieder, & Van Uum, 2012; Stalder & Kirschbaum, 2012) . Because hair grows at an average of 1 cm/month, assessment of hair cortisol can reflect changes over time. In our previous study, we showed that HCCs were higher after school entry than before, especially for fearful children. This finding supported our hypothesis that a rise in HCC can be specifically linked to a stress-related transition: the first entry into elementary school. In this follow-up study, we examined the same children's HCC when they entered third grade at 6 years of age, where the more playful first grades proceed into a more formal learning setting.
Although researchers have used HCC widely to approximate stress levels in adults (Sauve, Koren, Walsh, Tokmakejian, & Van Uum, 2007; Stalder et al., 2017; Stalder & Kirschbaum, 2012; Staufenbiel, Penninx, Spijker, Elzinga, & Van Rossum, 2013) , this measure is less often used in early childhood (Bates et al., 2017; Golub, Kuitunen-Paul, & Panaseth, 2019; Gray et al., 2018) . The studies that measured HCC in children especially focused on chronic stress, not on stress during transitions (Yamada et al., 2007) . Because HCC allows a retrospective assessment of cortisol exposure, this method seems very valuable when studying the effects of major transitions in life. Previous studies, using saliva measures, showed that it can be expected that the transition from grades is stressful (Bruce, Poggi Davis, & Gunnar, 2002) . We expect that especially the transition from the more playful first grades into a phase with more formal requirements can be stressful for young children. In the third grade children have to focus on reading, writing, and math skills, working at their own desk, and experience ratings on tests (Smeets, 2014; Smeets & Resing, 2013) . The main research question of this study is: Do cortisol levels increase when children make this transition to formal learning in grade 3? These increased stress levels might have a negative effect on the development of children. Although stress responses are necessary for survival, chronic exposure to stress can change from adaptive to maladaptive (De Kloet, Oitzl, & Jo€ els, 1999; Segerstrom & Miller, 2004) . Previous studies have shown that higher stress levels in children are related to behavior changes, anxiety, sleep problems, illness, and cognitive functioning (B€ aumler et al., 2014; Forbes et al., 2005; Golub et al., 2019; Kenny, Gallagher, Alvarez-Salvat, & Silsby, 2002; Lipton, Becker, & Kothare, 2008; Turner Cobb & Steptoe, 1998; Windle & Windle, 1996) .
It can be expected that the transition to formal learning is more stressful for a subgroup of children, for example, children with a difficult temperament. In our previous study, we showed that especially children scoring high on social fearfulness showed an increase of cortisol levels when entering elementary school (Groeneveld et al., 2013) , probably due to the new situation, with unfamiliar children and teachers. This temperamental characteristic has more often been linked to individual differences in children's stress reactivity in young children in childcare (Talge, Donzella, & Gunnar, 2008; Vermeer & Groeneveld, 2017; Watamura, Donzella, Alwin, & Gunnar, 2003) , although other studies did not find any associations between a fearful temperament and cortisol reactivity in childcare (Ahnert, Gunnar, Lamb, & Barthel, 2004; Groeneveld, Vermeer, Van IJzendoorn, & Linting, 2012; Watamura, Sebanc, & Gunnar, 2002) or during the start of a new school year (Davis, Donzella, Krueger, & Gunnar, 2001) .
In addition to temperament, academic skills can also be an important factor in explaining individual differences in cortisol levels in a school setting. It could be argued that especially low achievers show an increase in cortisol levels when they enter third grade. In a study conducted with adolescents, it was shown that those students who were at the bottom of the scholastic hierarchy in the classroom, defined as students with less academic success and more troublesome behaviors, had higher cortisol levels (West, Sweeting, Young, & Kelly, 2010) compared to their peers.
Finally, behavioral inhibition, i.e. the ability to regulate and control behavioral impulses, might be related to higher cortisol levels after the transition to third grade at age six. This executive cognitive ability is important since other executive functions appear to depend on it: working memory, self-regulation of affect, motivation, and arousal, internalization of speech, and reconstitution (Barkley, 1997) . Individual differences in children's inhibitory control have been found to be related to internalizing and externalizing behavior of children (Eisenberg et al., 2001) and teacher-child conflict (Berry, 2012) . Moreover, it has been shown that inhibitory control is related to (salivary) cortisol responses in preschoolers (Blair, Granger, & Razza, 2005) . Overactivity of the stress systems may impact the development of prefrontal regulatory systems, and as a consequence increases the risk for both attention-and emotion-regulatory problems (for a review, see Loman & Gunnar, 2010) . With the transition to formal learning, it seems important to be able to inhibit behavioral responses that enable children to direct their attention and behavior. Thus, higher levels of inhibitory control would be expected to be associated with lower cortisol levels when making the transition to formal learning.
To summarize, in this study, we measure HCC alterations in young children before and after a potential stressful transition, that is, their entry into formal learning at school. We hypothesize that children's HCCs are higher after entry in third grade than before entry. Furthermore, we study whether alterations in HCC are moderated by temperament (social fearfulness), academic skills, and executive functioning (inhibitory control).
Method

Subjects
This study is a follow-up of the (Groeneveld et al., 2013) study that started in 2012. A total of 284 families from Leiden (the Netherlands) were invited by postal mail to participate. Recruitment material was in Dutch. Registration for the study was closed after agreement from 50 families. In 2012, eight children were excluded for analyses, (n ¼ 4 hair was too short and n ¼ 4 extremely high cortisol values with > 3 SD above the mean). The remaining 42 families were again invited to participate in the study of 2014. An additional 9 families declined participation (n ¼ 3 moved/not able to contact, n ¼ 3 did not want to cut hair, n ¼ 3 were too busy). After the home visits, another three children were excluded (n ¼ 2 hair too short, n ¼ 1 extremely high cortisol values with > 3 SD above the mean). This resulted in a final sample of 30 children (45% boys). There were no significant differences between the families who participated in the follow-up study and those who declined (e.g. maternal or paternal education or age, child fearfulness, time spent in childcare, or children's HCC). In the follow-up study, children's age ranged from 6.5 to 6.8 years during the home visit (M ¼ 6.6, SD ¼ 0.08). Parents' educational level was coded as the number of years of education after age 6. Mean educational level across mothers and fathers was 14.90 years (SD ¼ 1.90). Twenty four children had two Dutch parents with the Dutch nationality, six children had one Dutch parent, and one parent with a different nationality (Egyptian, Afghan, Hungarian, Chilean, German, and Japanese).
Home visit
All children were visited at home, in a 2-week period, approximately 2 months after they started in grade 3. Prior to the home-visit, parents received a questionnaire, with questions about the background of the parents and the children and the temperament of the children. During the home visit children's hair was collected. In addition, children administered tasks to measure their academic skills and a computerized inhibition control task. All procedures were carried out with adequate understanding and written consent of the parents. Ethical approval for this study was provided by the Research Ethics Committee of the Institute of Education and Child Studies of Groeneveld et al., 2013. 
Temperament
The Child Behavior Questionnaire (CBQ) short form was used to measure the child's temperament (Rothbart, Ahadi, & Hershey, 1994; Rothbart, Ahadi, Hershey, & Fisher, 2001) . Parents were asked to fill out the CBQ based on their child's behavior during the last 6 months. The questionnaire was sent to them a few weeks before the home visit. The CBQ is a 7-point rating scale for the assessment of different aspects of temperament in children aged 3-7 years. For this study, we used the subscale fearfulness (12 items, Cronbach's alpha ¼ .86). An example item is "How often was your child afraid of the dark?" answers can range from "1 never" to "7 always". Higher scores on the fear scale represent more fearfulness in children. In 2012, parents were also asked to fill out the CBQ about their child when they were 4 years of age. Scores of the two questionnaires were significantly correlated, r ¼ .71, p < .01.
Academic skills
The Rapid Automatized Naming (RAN; CB&WL [Continu Benoemen en Woorden Lezen]; Van den Bos & Lutje Spelberg, 2007) task was used to measure children's academic skills. The CB task consists of four components: colors, letters, numbers, and objects. For each component, children were asked to name 50 symbols or objects as rapid as they can, from paper forms. The time was recorded per component using a stopwatch. A mean score of the time of these four components represents children's academic skills. Higher scores represent lower academic skills, since the children took longer to finish the naming tasks. The RAN is a reliable instrument for children aged 5-16 years, judged by the COTAN (Dutch Commission for Test Materials of the Dutch Institute of Psychologists that test the quality of psychodiagnostic instruments).
Inhibitory control
A computerized Go/NoGo task was administered during the home visit to measure inhibitory control on a laptop. In this task, children had to catch all the mice that appeared on the screen (Go-stimuli) by pressing a red button. When a cat appeared, children had to inhibit their reaction, and should not press the button (NoGo-stimuli). The task consisted of a practice session, in which five mice and five cats were presented (in alternating order), and a test session, in which 30 mice and 10 cats were displayed in random order. Only during the practice session, the child received feedback. Commission errors (responses to NoGo-stimuli) were used as a measure for a lack of inhibitory control (Groot, De Sonneville, Stins, & Boomsma, 2004) . To generate a measure for inhibitory control the sum score of the commission errors was subtracted from the total number of NoGo-stimuli (10number of commission errors), with higher scores representing more inhibitory control.
Scalp hair collection
Hair was collected during home visits, which were planned approximately 2 months after the children had started school. Visits were conducted by the first author or trained (under)graduate students. Hair collection was performed as described previously (Manenschijn, Koper, Lamberts, & van Rossum, 2011) . A sample containing around 300 hairs was cut from the posterior vertex as close to the scalp as possible. The sample was taped to a piece of paper, the scalp end marked, and stored in an envelope at room temperature until analysis.
Prior to the home-visit, parents received a questionnaire, with questions about age, educational level, and birth country of the parents, and the following information concerning the participating child: after-school care, hair color, hair washing frequency, use (and type) of corticosteroids during last 6 months, other medication use, and chronic diseases.
Hair processing and analysis
Hair analysis was conducted using two 2-cm-long segments, reflecting the first 2 months of school attendance in grade 3 (the scalp-near segment), and 2 months prior to the start in grade 3. Between these two sections, we left a gap of 1 cm to avoid overlap of periods (due to differences in hair growth rate). As described previously (Manenschijn et al., 2011) , we weighed and cut the hair segments into small pieces in glass vials using surgical scissors. Cortisol was extracted by 16 h incubation in one mL methanol at 52 C while gently shaking. Subsequently, the methanol was transferred to disposable glass vials, and evaporated under a constant stream of nitrogen. The samples were then dissolved in 250 lL phosphatebuffered saline, pH 8.0, and vortexed for one min. Prior to analysis, samples were vortexed again for 30 s. Cortisol concentrations were measured using a commercially available salivary cortisol ELISA kit (DRG Instruments GmbH, Marburg, Germany) according to the manufacturer's directions. We applied a correction factor to take background signal into account. As stated by the manufacturer, antibody cross-reactivity is as follows: corticosterone 29%, cortisone 3%, 11-deoxycortisol <1%, 17-OHP <0.5%, prednisone <0.1%. Intra-assay variation was 2.6% and the inter-assay variation was 6.7%, as stated by the manufacturer.
Data analysis
Because the distributions of the cortisol measurements were positively skewed, log 10 transformations were used for analysis. After log 10 transformation, HCC did not deviate from normality. To test whether HCC differed before and after school entry, we conducted a repeated measure MANCOVA with time as a within-subject variable. To analyze associations with temperament, academic skills, and inhibitory control, multivariate regression analyses were conducted, using interaction terms.
Results
Descriptive statistics of HCC during wave 1 (transition to grade 1) and wave 2 (transition to grade 3) are shown in Table 1 . HCC before and after entering a new grade showed stability across time (wave 1 r ¼ .80, p < .001; wave 2 r ¼ .52, p ¼ .004). In addition, HCC prior to entering third grade (wave 2, pre HCC) were related to HCC in wave 1 (pre r ¼ .36, p ¼ .05; post r ¼ .37, p ¼ .04), while HCC after entering third grade (wave 2, post HCC) were not related to HCC in wave 1. HCCs in wave 2 were not significantly related to any of the child characteristics (gender, hair color, hair washing frequency, use of corticosteroids, other medication, hours in group care), or parent characteristics (educational levels fathers and mothers).
Change in HCC
A repeated measures MANCOVA on children's HCC yielded a significant main effect of time (Pillais, F[1, 29] ¼ 5.22, p ¼ .03, g 2 partial ¼ .15). Children's HCC were significantly lower during the holiday (M ¼ 12.61 SD ¼ 10.11) than after the start in third grade (M ¼ 16.54, SD ¼ 12.78). The Ratio of Change (RC) ((post HCCpre HCC)/pre HCC) was not correlated between the two waves (r ¼ .11, p ¼ 57), which means that an increase in HCC when entering first grade was not associated with an increase in HCC when entering third grade. Nevertheless, almost half of the children (46.7%) showed an increase in HCC after entering both first and third grade (Figure 1 ).
Child characteristics
The correlations between HCC in wave 2 and social fearfulness, academic achievement, and inhibitory control are shown in Table 2 . There were no significant correlations between these child characteristics and pre HCC, post HCC, or change in HCC. In addition, we found no interaction effect for social fearfulness (
For inhibitory control, significant main effects and an interaction effect were present. In Table 3 it is shown that pre HCC and inhibitory control predicted post HCC (R 2 ¼ 0.36, p < .01). The interaction between pre HCC and inhibitory control significantly improved the model (DR 2 ¼ .14, p < .05). For graphic concerns, we made a median split in inhibitory control (Median ¼ 8). In Figure 2 , it is shown that children scoring low on inhibitory control show a large increase in their HCC after entering grade 3 (Pillais, F[1, 14] ¼ 14.70, p < .01, g 2 partial ¼ .51), while HCC from children scoring high on inhibitory control do not change (Pillais, F[1, 14] ¼ 0.02, p ¼ .89, g 2 partial < .01). Figure 1 . HCC ratio of change in waves 1 and 2. Note: A ¼ increase in HCC in waves 1 and 2, n ¼ 14. B ¼ decrease in HCC in waves 1 and 2, n ¼ 1. C ¼ increase in wave 1, but decrease in wave 2, n ¼ 6. D ¼ decrease in wave 1 but increase in wave 2, n ¼ 9. HCC: hair cortisol concentrations. 
Discussion
In this study, we showed that on average HCCs increase when children enter third grade at 6 years of age. This increase was not associated with social fearfulness or academic achievement, but we did find associations with inhibitory control: children with less inhibitory control had higher cortisol levels after entering third grade, and larger increases in cortisol, than children with higher scores on inhibitory control. As expected, children show an increase in HCC when they entered grade 3, where the more playful first grades proceed into a more formal learning setting. This corresponds to our earlier finding of HCC increases after entering grade one (Groeneveld et al., 2013) . HCCs in this follow-up study were lower in terms of absolute values (pre and post) than in the previous study. Because we measured differences between the manufacturer's standards (optimized for measuring cortisol in saliva) and our own standard curve (prepared in PBS, like the HCC samples), we computed a correction factor and corrected the absorbance values of the samples based on the standards from the kit. This is something we have decided to apply with increased knowledge over time and could probably be one of the reasons for the difference with the earlier study.
When studying child characteristics, we focused on inhibitory control, temperament, and academic skills. First, we found that children scoring low on inhibitory control showed an increase in their HCC after entering grade 3, while HCCs from children scoring high on inhibitory control do not change. This implies that especially children who find it difficult to inhibit reactions experience the transition to formal learning as more stressful. This seems logical because the dynamics change from the more playful first years, to the more scholastic environment. For example, in third grade the time children spend playing inside and outside decreases considerably, and at the same time they are requested to sit still at their desk, and focus on fine motoric skills, learning how to write, read, and do math (Smeets, 2014; Smeets & Resing, 2013) . On the other hand, it might also be possible that cortisol levels influenced the inhibitory control levels of the children. It has been shown that overactivity of the stress systems may impact the development of prefrontal regulatory systems, and as a consequence increase the risk for emotion-regulatory problems (for a review, see Loman & Gunnar, 2010) , but these studies are primarily based on animal-models (Brake, Zhang, Diorio, Meaney, & Gratton, 2004) , or on children with severe early life stress (Nemeroff, 2004) , so the relevance for humans is not clear yet. Previous studies with humans, focusing on the effect of cortisol levels on inhibition showed a positive association: higher cortisol levels increase inhibitory control (Shields, Bonner, & Moons, 2015) . But these studies mainly focus on short term increases in (salivary) cortisol. A meta-analysis has shown that cortisol improves inhibition from 15 min to 135 min postadministration, but cortisol begins to impair inhibition after 136 min (Shields et al., 2015) . This could imply that the increases in cortisol levels with the transfer to third grade have resulted in impaired inhibition. A pretest measure of inhibition scores before entry in third grade should be conducted to test causality.
Secondly, we tested the moderation effect of social fearfulness, because this temperamental subscale was a significant moderator in our previous study (Groeneveld et al., 2013) . High fearful children showed the highest rise in HCC after school entry in grade 1. In this study, it seemed conceivable that the same pattern would be present when entering grade 3, with new unfamiliar teachers, and more focus on formal learning. This hypothesis was however not confirmed. The increase in cortisol levels of fearful children was comparable to the increases of HCC of their less fearful peers. It is possible that, although children entered a new classroom with new peers and teachers, the presence of familiar peers and the familiar school environment and routine is a buffer for these children.
Third, no association was found between cortisol levels and academic skills, although some studies did find this association for older children (West et al., 2010) . Stress may interfere with the academic performance by diverting attention from cognitive tasks to worry and feelings of being overwhelmed (Matheny, Aycock, & McCarthy, 1993) . It might be possible that children were not yet aware of (and thus stressed by) their lower academic skills in the first weeks after they entered grade 3. This effect might be present a few months later when children have experienced more academic tests. In addition, parental educational levels were quite high. A larger, more diverse sample including families from lower SES is needed to further explore these associations.
To conclude, in this study, we showed that cortisol levels increase when children make the transition to a school phase with formal learning. It is important to study this transition, since higher levels of stress in the school and classroom are related to more mental health problems, adjustment problems in school, and lower academic achievement (Kaplan, Liu, & Kaplan, 2005; Kenny et al., 2002 , Windle & Windle, 1996 . It might be helpful for children to learn strategies to cope with the transition, or even to cope with stress. Previous studies have shown a positive effect of interventions to decrease stress in children (Bothe, Grignon, & Olness, 2014; Haraldsson et al., 2008) . Bothe et al., (2014) showed that a 10-min daily stress management technique was helpful for reducing anxiety scores and improving the ability to relax in school-age children. These daily sessions included deep breathing, movement, and guided imagery and were provided by the teacher, in the classroom for 4 months. In addition, there are several other resources that seem to help students to cope with stress, such as improved social skills, problem-solving orientation, and social support. An important source of support in the educational setting is the teacher. In childcare studies, it has been shown that higher caregiver sensitivity and quality of care are associated with lower diurnal cortisol production in preschoolers (Vermeer & Groeneveld, 2017) . In addition, lowering teachers' occupational stress may be effective, since this occupational stress has been linked with children's physiological stress regulation as well (Oberle & Schonert-Reichl, 2016) .
We showed that especially children scoring low on inhibitory control showed these increased cortisol levels. This means that this group of children deserves extra attention in schools: how can we support these children to regulate their inhibitory control (for specific tasks) and how can we adapt the school environment to support these children? Several interventions use self-regulation techniques such as relaxation, yoga, and imagery to effectively improve wellbeing, health-related issues, and cognitive or emotional control in children (Bell & Deater-Deckard, 2007; Bothe et al., 2014; Ehud, An, & Avshalom, 2010; Goldbeck & Schmid, 2003; Lee & Olness, 1996) . The Bothe et al., (2014) intervention with the 10-min daily stress management technique also included these self-regulation techniques. It would be interesting to test whether this intervention might positively affect children's inhibitory control as well. In addition, the school environment might also be adapted, for example by giving children more room in the third grade to move around. It has been shown that that physical activity can positively affect important brain areas, which might lead to increases in working memory, planning skills, and cognitive control in the short and long term (Davis et al., 2011; Hillman et al., 2009; Mullender-Wijnsma et al., 2015) . A recent intervention in third-grade children, including physically active academic lessons, showed an increase in mathematics and reading scores of children who participated in the intervention compared to children in a control group who received regular lessons (Mullender-Wijnsma et al., 2015) . These physically active academic lessons might be especially effective for children scoring low on inhibitory control. More research is however needed for this group of children.
To summarize, this study showed that cortisol levels increase when children make the transition to formal learning, especially children scoring low on inhibitory control. It is important to study this transition to grade 3 and possible resources to regulate the stress responses of children, because this transition is the basis of the academic career of all children, and stress can have a negative effect on this career.
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